Radical ring opening polymerization is a powerful tool to achieve a polyester via radical polymerization. We used it to obtain a dimethylated version of poly(caprolactone) (PdmCL) from dimethylated MDO (DMMDO). First, we revisited monomer synthesis and achieved a milder synthetic protocol by introducing a cobalt-based catalyst. We also developed a new route towards DMMDO via a cyclic carbonate using the Petasis chemistry. Amphiphilic blockcopolymers were then generated by free radical polymerization of DMMDO with a PEG-based macroinitiator. The resulting polyesters self-assembled into nanoparticles that were biodegradable as well as biocompatible. The nanoparticles proved to be an effective protective shell for an entrapped enzyme that was released upon degradation of the polyester by esterase.
optimization of the experiment (in terms of conversion) can be found in section 2.1. of the SI.
Yield: 61 % The product was a mixture of 3 diastereomers by 1H NMR and GC in a ratio of 58 % / 39 % / 3 %, see details in section 3.2. The analytical data corresponds with literature. [9] 
Synthesis of CKA 2 from halogenated Acetal 5
We derived a method from Bailey et al. [10] The acetal 5a (4.10 g 23.0 mmol, 1.0 equiv.) was dissolved in t BuOH (5 mL) and KO t Bu (3.10 g, 27.6 mmol, 1.2 equiv.) was added which gave a thick slurry. The mixture was stirred for 16 h in a sealed tube at 120 °C. During the reaction, the solution became much less viscous. The reaction was cooled to RT and the addition of Et2O (50 mL) lead to the formation of a precipitate. eq.) in CH2Cl2 (90 mL) was slowly added (over 10 minutes) to the solution through a dropping funnel. The cooling bath was removed and the reaction mixture stirred for 20 minutes before being quenched with sat. aq. NH4Cl (100 mL). The solution was extracted with CH2Cl2 (3x
RESULTS AND DISCUSSION
We realized that the predominantly used acetal route is rather harsh. Producing the intermediate Because it proved to be an effective carbonylation agent, triphosgene is useful despite its toxicity provided that extra care is taken during the reaction. Timing proved to be critical for this reaction. Kinetic studies via gas chromatography (GC) showed that the product formation had reached its peak after 20 minutes, and side-products started to appear afterwards. Over the following hours, the fraction of carbonate product decreased considerably (see section 2.4 of the SI for details). Therefore, the optimal reaction conditions were found to be 20 minutes at room temperature. The olefination reaction was then performed with commercially available Petasis reagent [23, 31] . The Petasis reagent (7, Figure 2a ) is a titanium based methylenation reagent similar to the Tebbe reagent, [31, 32] but is free from Lewis acids. [23, 31, 33] GC and NMR confirmed the formation of the same CKA 2 as with the acetal pathway, now with a yield of 65% yield (see sections 2.5 and 2.6 of the SI). These results proved that the titanium compound 7 had successfully transferred one methylene unit onto the carbonate 6 (Figure 2a) . The overall yield of this procedure was 39%. Because this yield is a significant improvement over the acetal pathway, we plan to explore its use for other CKAs. confirmed that both routes lead to the same product (section 2.6 of the SI). b) CKA 2 was then polymerized using different polymerization protocols and the results analyzed with GPC. A polymer was only formed using FRP.
The homopolymerization of CKA 2 with free and controlled radical polymerization techniques (approaches known to work in RROP) was investigated next (Figure 2b ). [13, 19, [34] [35] [36] We observed that neither atom transfer radical polymerization (ATRP), nor reversible additionfragmentation chain transfer polymerization (RAFT) led to polymerization. While xanthatebased RAFT [18, 19] (RAFT-MADIX, see section 1.1 of the SI for details) led to oligomers, it was also not suitable to generate polymers. Free radical polymerization (FRP), however, led to short polymers of about 5000 g/mol (determined via GPC), which could be purified towards a low dispersity (Figure 2b ). Further optimization of the FRP reaction conditions showed that a polymerization at 90 °C produced larger polymers at 110 °C or 130 °C, whereas polymers obtained at 130 °C exhibited a lower dispersity. As expected, lower amounts of initiator yielded longer polymers, although this trend was not linear (see Table 1 -SI of the SI for details). The results suggest a low reactivity of DMMDO, making it react slowly in FRP and since CRP protocols lower the reaction rate, it then becomes unreactive. Evidently, more research on controlled homopolymerization of DMMDO is required. Nevertheless, the synthesized polyester proved to be completely degradable in basic acetonitrile. Due to a lack of solubility, degradation, basic or enzymatic, in aqueous media showed only limited success (see section
of the SI for details).
Since FRP yielded polymers, a PEG-modified derivative of AIBN allowed for the production of PEG-PdmCL, an amphiphilic block-copolymer (Figure 3a , details in section 1.3 of the SI).
Like all amphiphilic block-copolymers, PEG-PdmCL self-assembled in aqueous media into nanoparticles. DLS and TEM analysis of the corresponding solution revealed a particle radius of 40 nm and 20-30 nm, respectively (Figure 3b ). The larger size obtained from DLS is due to the water shell present around the nanoparticles. Due to their block-length ratio, the blockcopolymer could self-assemble vesicles. [37] However, the particles do not collapse on a TEM grid, as one would expect for vesicles, and are too big to be simple micelles. They are thus likely to be multi-compartment micelles. [38] Since the polymer was in a colloidal suspension, aqueous degradation ought to be possible.
Adding esterase to the micelles led to a quick degradation of the polyester and thus also of the micelles. [39] At the same laser intensity, the count rate in DLS showed a short increase, but then decreased rapidly over time (Figure 3c ). Because the esterase can attack the nanoparticles only from the outside, one of the first bonds cleaved is the linkage between the PEG and PdmCL. Exposed hydrophobic PdmCL segments would then agglomerate and form undefined clusters of nanoparticles before further degradation. This explains the initial spike in the DLS count rate after esterase addition as well as the slow increase in size (see section 3.1 of the SI for details). With ongoing degradation, the number of agglomerates and thus the count rate decreases.
-N=N- Biodegradable nanoparticles can be used as a temporary shell for protecting enzymes. [3, 40] To test the suitability of our PEG-PdmCL nanoparticles for this application, we encapsulated horseradish peroxidase (HRP). The enzyme is known to oxidize Amplex Red into resorufin in the presence of hydrogen peroxide. [41, 42] Based on its fluorescence, resorufin can easily be
